The XQ-100 survey provides optical and near infrared coverage of 36 blindly selected, intervening damped Lyman α systems (DLAs) at 2 <z abs < 4, simultaneously covering the Mgii doublet at λλ 2796, 2803Å, and the Lyα transition. Using the XQ-100 DLA sample, we investigate the completeness of selecting DLA absorbers based on their Mgii rest-frame equivalent width (W DLAs results in a higher mean N(Hi) which in turn leads to a ∼ 7% increase in the cosmological gas density of Hi of DLAs at 2 <z abs < 4; and that this exclusion has a minimal effect on the Hi-weighted mean metallicity.
) at these redshifts. Of the 29 DLAs with clean Mgii profiles, we find that six (20% of DLAs) have W 2796 0 < 0.6Å. The DLA incidence rate of W 2796 0 < 0.6Å absorbers is a factor of ∼ 5 higher than what is seen in z ∼ 1 samples, indicating a potential evolution in the Mgii properties of DLAs with redshift. All of the W 2796 0 < 0.6Å DLAs have low metallicities (−2.5 < [M/H] < −1.7), small velocity widths (v 90 < 50 km s −1 ), and tend to have relatively low N(Hi). We demonstrate that the exclusion of these low W
0
DLAs results in a higher mean N(Hi) which in turn leads to a ∼ 7% increase in the cosmological gas density of Hi of DLAs at 2 <z abs < 4; and that this exclusion has a minimal effect on the Hi-weighted mean metallicity.
INTRODUCTION
Quasar (QSO) absorption line systems provide an excellent probe of the evolution of the Hi gas content over cosmic time. Of the many classes of QSO absorption line systems, damped Lyman α systems (DLAs) are the highest Hi column density absorbers, defined as having log N(Hi) 20.3 (Wolfe et al. 1986 . Although fewer in number compared to lower N(Hi) counterparts (such as subDLAs; 19.0 <logN(Hi)< 20.3), DLAs dominate the Hi column density distribution from z abs ∼ 5 to the present epoch and are used to trace the cosmological gas density of Hi (Ω Hi ), eventually fuelling future generations of star formation (Lanzetta et al. 1995; Rao & Turnshek 2000; Storrie-Lombardi & Wolfe 2000; Péroux et al. 2003; Prochaska et al. 2005; Rao et al. 2006; Prochaska & Wolfe 2009; Noterdaeme et al. 2012; Zafar et al. 2013; Crighton et al. 2015; Neeleman et al. 2016; Sánchez-Ramírez et al. 2016) . At absorption redshifts where the Hi is observed in optical bands (z abs 1.5), Ω Hi remains relatively constant with redshift (for the most recent results at these redshifts, see Crighton et al. 2015; Sánchez-Ramírez et al. 2016) . At z ∼ 0, Ω Hi is currently best measured from 21 cm emission line surveys of galaxies (Zwaan et al. 2005; Martin et al. 2010) . Between these z ∼ 0 measurements and Ω Hi measured in DLAs at z ∼ 1.5, the gas content of galaxies has only evolved by a factor of ∼ 2 (Zwaan et al. 2005; Sánchez-Ramírez et al. 2016) .
Despite well constrained estimates of Ω Hi at z ∼ 0 and at z > 2, studying the nature of the Ω Hi evolution between 0.3 z abs 1.5 is challenging, as the Lyα transition shifts into the ultraviolet, requiring expensive space-based observations; and 21 cm emission becomes extremely difficult to detect (Rhee et al. 2016) . In an effort to improve the efficiency of space telescope observations, it has become common practice to pre-select candidate DLAs based on the rest-frame equivalent widths (EWs) of the associated Mgii λλ 2796, 2803Å absorption observed in the optical (Rao & Turnshek 2000; Rao et al. 2006 , hereafter referred to as R00 and R06, respectively). With the inclusion of absorbers satisfying a Mgii 2796Å EW cut of W 2796 0 0.3Å (R00), the final statistical sample compiled in R06 contains no DLAs at z abs ∼ 1 with W 2796 0 < 0.6Å
1 . Ω Hi derived from z abs ∼ 1 DLA samples pre-selected from Mgii (Ω Hi ∼ 7.5×10 −3 ) are consistent with the z abs 2 value, implying strong evolution at the lowest redshifts (R06). However, a recent 'blind' archival survey of DLAs at z ∼ 1 derived a value of Ω Hi a factor of 3 lower than R06 (∼ 2.5 × 10 −3 ), and consistent with 21 cm results at z ∼ 0 (Neeleman et al. 2016 ). This tension in Ω Hi has led to suggestions that Mgii DLA pre-selection may be biased, possibly leading to high Ω Hi (Péroux et al. 2004; DessaugesZavadsky et al. 2009; Neeleman et al. 2016) .
In this Letter, we investigate the nature of Mgii selection of 36 DLAs at 2 <z abs < 4 from the XQ-100 Legacy Survey (P.I. S. Lopez). The blind nature of the XQ-100 DLA sample combined with simultaneous observations of Lyα and Mgii λ 2796Å provide an excellent test of the effectiveness of the Mgii selection technique for comparison with low redshift statistics.
DATA
The XQ-100 Legacy Survey observed 100 QSOs with the XShooter spectrograph on the Very Large Telescope, providing simultaneous wavelength coverage from 3150Å-25000 A at a full width at half maximum (FWHM) resolution R∼5000-9000. For more details on the observations, see López et al. (2016) . We emphasize that the 100 QSO targets were not pre-selected to contain DLAs, thus providing a 'blind' sample of DLAs along the lines of sight. Sánchez-Ramírez et al. (2016) identified 41 DLAs by their Lyman series absorption in the XQ-100 spectra. However, five of these DLAs are within 5000 km s −1 of the restframe of the QSO. These proximate absorbers likely trace a different population of systems compared to their intervening counterparts, (Ellison et al. 2002 (Ellison et al. , 2010 Berg et al. 2016) and are typically ignored when computing Ω Hi . We therefore restrict the DLA sample used in this Letter only to intervening DLAs. ). The redshift, metallicity, and v90 2 measurements are taken from Sánchez-Ramírez et al. (2016) and Berg et al. (2016) . Absorption line profiles of the Mgii lines are provided in Berg et al. (2016) . Additionally, we tabulated the D-index defined in Ellison (2006) and Ellison et al. (2009) . For the rest of this paper, only the 29 DLAs with EWs that are not blended (i.e. are not upper limits in Table 1 ) are used in the analysis.
RESULTS AND DISCUSSION
The vast majority of DLAs identified at z abs ∼ 1 have W Table 2) , and are tabulated in Table 1 . The D-index cuts are based on the resolution of the X-Shooter spectrum at each Mgii line (assuming a FWHM resolution of R= 5300). We note that the D-index of the XQ-100 DLAs does recover all the DLAs (i.e. points are above the grey band in the right panel of Figure 1 ).
Are the properties of W 2796 0 < 0.6Å DLAs different to the higher EW systems? The colour bar in Figure   2 v 90 measures the velocity width corresponding to 90% of the integrated optical depth using one low-ion transition (Prochaska & Wolfe 1997) . a The cut is obtained from Table 2 in Ellison (2006) , and is based on the resolution at the Mgii 2796Å line (assuming R=5300). An absorber with a D-index larger than the cut value would be considered a DLA candidate.
1 indicates the metallicity of each DLA in the XQ-100 sample (Berg et al. 2016) . Interestingly, the DLAs whose W 4 , whereas the entire sample has a mean metallicity of [M/H]= −1.60 ± 0.02. However, the Hi-weighted metallicity that is generally used to trace the evolution of DLA metallicity with cosmic time (e.g. Pettini et al. 1999; Rafelski et al. 2012 0.6Å. These properties are consistent with a 'mass-metallicity' relationship seen in DLAs (Ledoux et al. 2006; Jorgenson et al. 2010; Møller et al. 2013; Neeleman et al. 2013; Christensen et al. 2014) , where narrower metal lines are typically found in lower metallicity systems. The dependence of W 2796 0 on velocity width has been previously identified in other works (Nestor et al. 2003; Ellison 2006; Murphy et al. 2007, R06) a fixed Mgii EW cut by including those absorbers with low metallicity and v90.
What are the implications for the cosmological context of DLAs at 2 z abs 4? The typical approach to calculating Ω Hi at high redshifts is to sum the total N(Hi) observed over the total redshift path (X) for all QSOs observed, i.e.
ΩHI =
H0µmH cρcrit
If DLAs are missed from a Mgii-selected sample, the computed Ω Hi from Eq. 1 would be underestimated, as the sum of N(Hi) would exclude the low Mgii EW DLAs while X remains unaffected. For the entire XQ-100 DLA sam-ple, Ω Hi would be underestimated by ∼ 5% if W 2796 0 < 0.6Å DLAs were excluded.
However, R06 used a different approach to compute Ω Hi , that combines the number density of DLAs (nDLA; observed along Mgii absorber sightlines in R06) and the average N(Hi) of DLAs ( N(Hi) ),
With the R06 formalism, the calculation of Ω Hi depends on two measured variables: the frequency of absorbers and their mean N(Hi). As shown in Fig. 2 , in the XQ-100 sample, DLAs with W 2796 0 < 0.6Å tend to have lower N(Hi) than higher EW absorbers. If the low EW systems were not included in the XQ-100 sample statistics then N(Hi) and thus Ω Hi would be overestimated. However, this effect in our sample is minimal: the mean log( N(Hi) ) of the XQ-100 sample increases minimally from 20.98 ± 0.03 to 21.01 ± 0.03 (∼ 7%) upon exclusion of the DLAs with W 2796 0 < 0.6Å. Therefore, for a constant nDLA, Ω Hi would be overestimated by ∼ 7% when low EW systems are excluded.
Comparison with the properties of Mgii in DLAs at z abs 1.5. In the latest compilation of 369 z abs ∼ 1 Mgii absorbers (Rao et al. in prep) regime is a factor of ∼ 5 higher at z abs ∼ 3 than at z abs ∼ 1. These incidence rates indicate a potential evolution in the Mgii properties of DLAs as a function of redshift. Whereas DLAs at low z abs are almost uniquely associated with W absorbers may preferentially be probing low mass galaxies, which are less prevalent at low redshift. This is consistent with the lack of low metallicity DLAs at low redshift (Rafelski et al. 2014; Berg et al. 2015) . What is currently unknown is whether, despite their rarity, low Mgii EW DLAs at low z abs show the same distribution of properties (metallicities, v90, N(Hi)) as high z abs DLAs of the same W 2796 0
. Based on our high z abs results, we caution that DLAs that have been selected based on a high Mgii EW cut have the potential to be biased against low metallicity systems. Indeed, Kulkarni et al. (2007) have argued that Mgii pre-selection could select against DLAs with [M/H]< −2.5. Nonetheless, the low frequency of such systems at low redshifts (and their tendency towards lower N(Hi)) means that Ω Hi and the Hi-weighted metallicity is unlikely to be significantly affected.
